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Lymphatic malformation is a common component
of Klippel-Trenaunay syndrome
Ning-Fei Liu, MD, PhD,a Qing Lu, MD,b and Zhi-Xin Yan, MD,a Shanghai, China
Objectives: Few previous studies have focused on the involvement of the lymphatic system in Klippel-Trenaunay syndrome
(KTS), although some evidence suggests that lymphatic abnormalities are associated with the disease. The aim of the
present study was to investigate the involvement of the lymphatic system in KTS.
Methods: Magnetic resonance lymphangiography (MRL) with the use of gadobenate dimeglumine as the contrast was
performed on 32 patients with KTS involving the extremities to evaluate lymphatic vessels, lymph nodes, and veins.
Results: Thirty-one of 32 patients exhibited lymphatic vessel and/or lymph node anomalies, including hyperplasia
(11/31), hypoplasia or aplasia (20/31) of lymphatic vessels, and lymphedema (31/31) of the affected limbs. Twenty-two
patients showed asymmetry of the inguinal nodes exhibiting either the absence, or an increase or a decrease in number and
size of the inguinal nodes. Venous dysplasia was found in 31 patients in superficial and/or deep veins. The results showed
a high concomitance of malformations of the lymphatic system and veins in the affected limbs of patients with KTS.
Conclusions: Lymphatic system abnormalities as examined with MRL are commonly associated with KTS and are likely to
play a significant role in the disorder. ( J Vasc Surg 2010;52:1557-63.)Klippel-Trenaunay syndrome (KTS) is a congenital vas-
cular disorder involving capillary malformations (98%), ve-
nous malformations or varicose veins (72%), and hypertro-
phy of bone and soft tissue (67%).1 The presence of two of
these three cardinal features is considered sufficient for a
diagnosis of KTS. This triad of features is typically isolated
to a lower extremity (in 95% of cases), but is exhibited in an
upper extremity in approximately 5% of cases.2 KTS may
involve more organs and tissue.1,3 The lymphatic system
has an intimate functional, structural, and developmental
relationship with the veins.4,5 Lymphatic malformations
are known to occur with KTS, but have been underre-
ported in many studies,1,2,6,7 in part because of difficulties
in establishing a suitable proof of lymphatic involvement.
The role of lymphatic system dysplasia in the initiation and
progression of KTS has long been overlooked. Recently,
contrast magnetic resonance lymphangiography (MRL)
with gadobenate dimeglumine has been found to provide
an accurate and sensitive technique for evaluating lym-
phatic system disorders.8-10. This article presents the find-
ings of lymphatic system anomalies using MRL in 32
patients with KTS.
From the Department of Plastic and Reconstructive Surgery, Shanghai 9th
People’s Hospital, Shanghai Jiao Tong University School of Medicinea
and the Department of Radiology, Shanghai Ren Ji Hospital, Shanghai
Jiao Tong University School of Medicine.b
Supported by Shanghai Science and Technology Committee (Grant no.
09410706400, 10411964100, 10440711000).
Competition of interest: none.
Reprint requests: Ning-Fei Liu, 639 Zhi Zao Ju Rd., Department of Plastic
and Reconstructive Surgery, Shanghai 9th People’s Hospital, Shanghai
Jiao Tong University School of Medicine, Shanghai 200011, China
(e-mail: liuningfei@126.com).
The editors and reviewers of this article have no relevant financial relationships
to disclose per the JVS policy that requires reviewers to decline review of any
manuscript for which they may have a competition of interest.
0741-5214/$36.00
Copyright © 2010 by the Society for Vascular Surgery.
doi:10.1016/j.jvs.2010.06.166METHODS
Patients. Thirty-two patients (16 male, 16 female)
with KTS who underwent MRL assessment in our clinic
between November 2007 and December 2009 were in-
cluded in this study. Ages ranged from 5 to 37 years. Of the
32 patients, 25 exhibited evidence of the syndrome at birth.
One of the patients had a suspected family history of KTS,
and his cousin suffered from a congenital enlargement of
one upper limb.
MRL. MRL was performed as described previously8,10
with a 3.0 T MR unit (Philips Medical System, Best, The
Netherlands). First, a 3D heavily T2-weighted MRI was
performed. After injection of the paramagnetic contrast
agent gadobenate dimeglumine (Gd-BOPTA) into the
digital web spaces (0.7-0.8 mL/each point; MultiHance;
Bracco, Milan, Italy), 3D fast-spoiled gradient-recalled
echo T1-weighted images were acquired with a fat satura-
tion technique at consecutive time points for dynamic
observation, tomap lymphatic vessels and veins. Imaging of
regional lymph nodes was acquired before and after con-
trast injection. The enhancement of contrast in regional
lymph nodes was recorded and measured as the ratio of
nodal/muscle signal intensity for direct comparison be-
tween bilateral inguinal lymph nodes. Hypertrophy of the
soft tissue and bone of affected limbs was evaluated on MR
images by measuring the thickness of the subcutaneous
layer and transverse diameter of muscle and bone on axial
sections of the images. Tissue edema was assessed on T2-
weighted MR images with fat saturation. The diagnosis of
lymphatic system involvement in KTS is based on the
coexistence of tissue edema and lymphatic system anoma-
lies on MR images.
Color duplex scanning was performed in all patients,
ascending phlebography was performed in two patients,
and arterography was performed in one patient for assess-
ment of vascular deformities prior to MRL.
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RESULTS
Clinical features. The signs and symptoms of the
disease are outlined in Table I. A single lower extremity was
involved in 29 cases, and bilateral lower extremities were
involved in one of the patients. An upper extremity
was involved in two patients. One patient exhibited in-
volvement of the ipsilateral upper limb and trunk. Of the 32
patients, 24 showed all three features of KTS, and eight
exhibited two of the features. Fourteen patients had single
or recurrent cellulitis.
MRL findings. The results of the contrast MRL ex-
amination are shown in Table II and Figs 1 to 5. Lymphatic
system abnormalities accompanied with edema were iden-
tified in 31 of 32 patients. According to anatomical features
on the MRL images, lymphatic abnormalities fell into two
major categories, hypoplasia or hyperplasia. In hypoplasia
or aplasia, the lymphatic vessels were smaller (2 mm) in
diameter and fewer in number (0-5). In hyperplasia, vari-
cose lymphatic vessels that were numerous tortuous and
dilated were found in the limb and trunk.
Of the 32 patients, 20 were diagnosed as having lym-
phatic hypoplasia or aplasia. Among these, no enhanced
superficial lymphatics were visualized in four patients
(20%). A solitary deep lymphatic vessel going up to the
popliteal fossa was found in three patients (15%). In the
remaining 13 patients, one or two enhanced superficial
lymph vessels that were interrupted (or stopped) in the
middle part of the forearm or lower leg (Fig 1) were seen in
six (30%). Small, faint networks of lymphatic vessels were
visualized in the distal part of lower leg (Fig 2) in the other
seven (35%). Macrocystic lymphatic malformations in the
popliteal fossa and thigh were seen in three patients. In
Table I. Signs, cellulite events, and lymph dysplasia in 32
Lymphatic dysplasia
Number
of patients
Capillary malformations
(port wine stain)
Lymphatic hypoplasia 20 (63%) 20
Lymphatic hyperplasia 11 (34%) 7
No lymphatic malformations
and lymphedema
1 (3%) 1
Total 32 28 (87%)
Table II. MR lymphangiographic findings in lymphatic sy
lymphedema
Type of lymphatic dysplasia
Lymph nodes (inguinal/
Normal
nodes
Absent
node
Increase in
number
and size
Sma
numb
s
Lymphatic hypoplasia (20) 8 2 5
Lymphatic hyperplasia (11) 1 1 6eight patients, between one and three faint and discontin-ued lymphatic channels were found in contralateral asymp-
tomatic limbs (Fig 1).
Of the 20 patients with lymphatic hypoplasia or aplasia,
12 showed asymmetry in the inguinal lymph nodes (Table
II). In two patients, this was exhibited as a decrease in the
number and size, in another five as an obvious increase in
number and size, in three as irregularities in outline, heter-
ogeneity in texture, and uneven enhancement, and no
inguinal lymph nodes were detected in two (Fig 2).
Eleven of 32 patients with KTS were diagnosed with
lymphatic hyperplasia of the affected limbs, in which nu-
merous aberrant tortuous vessels were strongly enhanced
(Fig 3). In four patients, this network was made up of
similarly sized vessels (36%). A mixture of hyperplastic
vessels with sharply different diameters and cystic dilata-
tions was seen in four patients (36%; Fig 4). Both superficial
and deep lymphatic systems were visualized in three pa-
tients. Macrocystic lymphatic malformations in the popli-
teal fossa were found in two patients (28%; Fig 4). In eight
of 11 patients with lymphatic hyperplasia, enhanced lym-
phatic vessels were identified in the asymptomatic con-
tralateral limbs.
In the group of hyperplastic lymphatics, 10 of 11
patients showed anomalies of inguinal lymph nodes, exhib-
ited as a decrease in the number in one patient, an increase
in number and size in six patients (Fig 5), irregularity in
outline and heterogeneity in structure in two patients,
uneven contrast filling with an enhancement of the cortical
region in one patient (Fig 4), and as an absence of detect-
able lymph nodes in one patient.
Venous dysplasia. Venous malformation was demon-
strated with MRL images in 31 patients in which the
extremities were involved in the disease (Table III). The
enhancement of veins postcontrast injection was earlier
pel-Trenaunay syndrome patients
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hypertrophy
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extremity
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malformations Cellulitis
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(75%) 32 (100%) 18 (56%) 3 (9%) 14 (43%)
of 31 patients with Klippel-Trenaunay syndrome and
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showed varicosities only, 10 showed both superficial vein
and deep vein malformations, and one showed only deep
vein involvement. The malformation of deep veins on MR
imaging included dilatation of the femoral and popliteal
veins and an increase of number and diameter of intra-
muscular small vessels (Fig 1). In some cases, prominent
perforators between superficial and deep veins were
found (Fig 5).
In the lymphatic hyperplasia group, three of 11 patients
presented varicosities including the lateral channel only.
Seven out of 11 exhibited both varicosities in superficial
veins and deep venous malformations such as dilatation of
femoral and popliteal veins (Fig 3) and intramuscular small
vessels (Fig 5). One patient showed only deep vein involve-
ment as dilatation of popliteal vein.
All patients underwent color duplex scanning of the
vascular system in the affected limbs before coming to our
Fig 1. (a) A 12-year-old boy with enlarged left lower ext
image of left leg shows numerous dilated intramuscular
few enhanced lymphatic vessels (large arrow) in the dista
left lower leg. Note enhanced lymphatic vessels in the con
of T2-weighted MR image shows edema fluid (high s
subcutis of the affected lower limb.department. Color duplex scanning revealed deep veinincompetence in five patients, avalvular of deep vein in one
patient, and stricture of the popliteal vein in two patients.
Ascending phlebography demonstrated stricture of the
popliteal vein in two patients and dilatation of femoral veins
and malformations of intramuscular blood vessels in an-
other. Arterial angiography in one patient demonstrated
massive malformation of small vasculature at later stages of
examination that coincided with intramuscular blood mal-
formations found using MRL.
Edema. Diagnosis of lymphatic disorders associated
with KTS was based on the coexistence of lymphatic system
anomalies and tissue edema on MRL images. Of the 32
patients with KTS in the study, 31 exhibited edema in the
affected limbs on T2-weighted MR images with a fat satu-
ration technique. This was exhibited either as subcutaneous
edema (25 cases) or was associated with intramuscular
edema (six cases). In cases of subcutaneous edema, water
either evenly dispersed within the whole layer or accumu-
y and skin port wine stain. (b) Coronal T2-weightedMR
vasculature (arrows). (c) MR lymphangiogram shows a
and a varicose vein (arrow head) in the lateral part of the
teral asymptomatic limb (small arrows). (d) Axial section
intensity) dispersing within significantly hypertrophicremit
blood
l part
trala
ignallated and superficially encircled the deep fascia.
e left
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present in 28 patients (Figs 1-3). Among them, four
showed numerous lymphangiectasias in the stain and adja-
cent skin and had a history of skin lymph leakage.
Soft tissue hypertrophy. Of the 32 patients, 25 ex-
hibited evidence of hypertrophy of the subcutaneous fatty
tissue only on MR imaging (Figs 1-5), seven showed hy-
pertrophy of both subcutaneous tissue and muscle mass of
the affected extremity, and two showed hypertrophy of
subcutaneous fat tissue but a decrease in the width of the
muscular mass.
Bone hypertrophy. Of the 32 patients with KTS, 23
demonstrated hypertrophy of the bone. Among them, 15
exhibited longer extremities, three showed both longer
limbs and a wider width of the tibiae on MR images, two
showed an increased width of tibiae but no increase of
the length of limbs, two had shorter extremities but an
increased width of the tibiae (Fig 4), one had a longer
limb but a decreased tibiae width, and three had digital
anomalies.
DISCUSSION
The results of this study demonstrated that KTS is
commonly associated with lymphatic system abnormalities.
Thirty-one of 32 patients showed lymphatic system anom-
alies and lymphedema of affected extremities, as examined
using MRL imaging. These findings suggest that lymphed-
ema is a common component of KTS contributing to the
limb swelling. Few previous studies have dealt with the
Fig 2. (a) A 27-year-old woman with extensive skin p
lymph node was identifiable in the inguinal region of the l
on the right side on coronal T2-weighted MR images. (c
lower leg on MR lymphangiogram. (d) Axial section of
tissue and edema fluid accumulated in the subcutis of thfrequency and the nature of the lymphatic system involve-ment in KTS, primarily due to the lack of a proper diagnos-
tic method or because of the small number of cases.1,2,11
Further knowledge of the involvement of the lymphatic
system in KTSmay contribute to elucidating the pathogen-
esis and improving the clinical management of the disease.
Varicosities and venous malformations with heteroge-
neous phenotypes were found in 31 of 32 patients in this
study. Varicose superficial veins were most commonly ob-
served in the affected extremities. A considerable number
of patients exhibited deep venous system involvement such
as dilatation, stricture, and an increase in the number of
deep veins and intramuscular vessels. In this study, the
frequency of lymphatic system abnormalities was as high
(31/32) as that of venous malformation. Lymphatic hyp-
oplasia and aplasia were found in 20 patients (64%), and
lymphatic hyperplasia was observed in 11 (35%).Moreover,
significant lymph nodal abnormalities were present in 22 of
31 patients (71%), exhibited as an increase in the number
and size (hyperplasia), a decrease in the number and size
(hypoplasia), or the absence (aplasia) of the drainage nodes.
Interestingly, malformations of lymphatic vessels were not
always concordant with those of the lymph nodes. Some
patients with hyperplasia of the lymphatic vessel of the
affected limbs showed aplasia of the drainage lymph nodes,
and some patients with normally appearing inguinal nodes
exhibited hypoplasia or aplasia of the superficial afferent
lymphatic channels of a lower limb.
The lymphatic system dysplasia observed on MRL im-
aging in this study was similar to that seen in congenital
ine staining and enlarged left lower extremity. (b) No
e in contrast with clearly visualized lymph nodes (arrow)
e lymphatic vessels (arrows) found in the distal region of
eighted MR image shows hypertrophy of subcutaneous
lower extremity.ort-w
eft sid
) Fin
T2-wprimary lymphedema, such as hyperplasia, hypoplasia, or
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malities in the lymphatics and lymph nodes we observed are
more compatible with congenital than acquired defects.
The coexistence of venous and lymphatic malformations in
the extremities affected by KTS that we found in the
majority of the patients implies again a close of embryonic
structural or developmental relationship between the two
circulation systems.
During the embryonic period, lymphatic vessels de-
velop very soon after angiogenesis.12 Two main theories
have been proposed to explain the embryologic develop-
ment of the lymphatic system, which remains contested.
The centrifugal theory of lymphangiogenesis proposes that
primitive lymph sacs arise from endothelial cells derived
from embryonic veins and assemble to form lymphatic
capillaries.4 The centripetal theory, in contrast, suggests
that lymph sacs are derived from lymphangioblasts (ie,
Fig 3. (a) A 34-year-old man with chief clinical features
left lower limb. (b) Axial section of T2-weighted MR i
(high-signal intensity) in the whole subcutaneous layer. (
contrast with lymph nodes (arrowheads) visualized on th
Composition image ofMR lymphangiogram shows nume
deep vein (arrow).mesenchymal precursor cells independent of veins) in aprocess similar to vasculogenesis.13 It is our opinion that
the findings in this study of venous malformation coinci-
dent with lymphatic and/or lymph node abnormalities in a
congenital vascular disorder such as KTS better support a
centrifugal origin of the lymphatic system, as opposed to
a centripetal one.
The underlying cause of KTS remains obscure. A small
number of chromosomal abnormalities have been reported
in KTS patients, suggesting increased angiogenesis and that
multiple mutations may be required for the development of
KTS.14,15 The genetic basis of the lymphatic malformation
is, however, unknown. However, the current findings that
lymphatic channels were “interrupted” on their way from
peripheral to central regions and of fine networks of lym-
phatic vessels only seen in the distal region of limbs in
several patients lend support to the “second hit” theory.12
The frequent concomitance of venous and lymphatic sys-
S, including skin port wine stain and hypertrophy of the
shows hypertrophy of subcutaneous tissue and edema
inguinal lymph nodes were visualized on the left side in
ntralateral side on coronal T2-weighted MR image. (d)
hyperplastic lymphatic vessels (arrowheads) and enlargedof KT
mage
c) No
e co
roustem dysplasia in this study and others16 may raise the
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December 20101562 Liu et alFig 4. (a) A 26-year-old woman with enlarged and shortened left lower extremity. (b) Composition image of MR
lymphangiogram shows numerous significantly enlarged lymphatic channels with cystic dilatation (arrows). (c) MR
lymphangiogram shows enlargement of inguinal lymph nodes on the left side with partial (in cortical region) contrast
enhancement (arrow). (d) Coronal T2-weightedMR image shows macrocystic lymphatic malformations (arrow) in the
popliteal fossa of the left lower extremity. (e) Axial section of T2-weightedMR image shows thickness and edema of the
subcutis (high signal intensity) of the left lower limb. Note intramuscular accumulation of edema fluid (arrow).Fig 5. (a) A 15-year-old girl with enlarged and longer right lower extremity. (b) MR lymphangiogram shows the
poorly contrast-enhanced inguinal lymph nodes (arrowhead) with increased size and number on the right side. (c)
Composition image of MR lymphangiogram shows hyperplastic lymphatic vessels (large arrows) and enlarged
superficial veins (small arrows) of the right lower extremity. (d) Coronal T2-weighted MR image shows increased
intramuscular blood vessels (arrows) of right lower limb. (e) Axial section of T2-weighted MR image shows
hypertrophy and edema of subcutaneous tissue. Note more edema fluid accumulated superficially encircling the deep
fascia of the right lower extremity.
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ble for the development of both systems in addition to their
own regulation factors.
It is not uncommon that KTS patients have been
improperly treated due to a misdiagnosis of lymphedema.
Lymphatic system dysplasia inevitably causes impairment of
lymph backflow and edema, as well as other pathological
processes including tissue fibrosis and infection. The coex-
istence of venous and lymphatic system dysplasia suggests
that they may interact with each other, worsening the
already impaired venous and lymph circulation, and aggra-
vating swelling. At later stages, hypertrophic limbs may
develop elephantiasis accompanied with chronic ulcer. Im-
proper treatment such as the removal of varicose veins may
cause damage to unhealthy lymphatic channels and worsen
edema further. Recurrent adenolymphangitis and cellulitis
can be life-threatening. It is therefore, essential to consider
lymphatic system dysplasia in the diagnosis of KTS. For
patients with no surgical indications for varicosities and
vascular malformation, lymphedema should be treated ac-
tively, based on the diagnosis established. Early diagnosis
and proper treatment may effectively prevent or slow the
course of lymphedema in KTS.
The current results revealed that lymphatic systemmal-
formation is often a component of KTS. Imaging of the
lymphatic system should be considered for patients with
KTS when lymphedema is highly suspected. Imaging find-
ings are not only helpful in evaluating and classifying lym-
phatic system disorders, but can also aid understanding of
the pathoetiology of the symptoms of KTS patients and
adequately direct treatment.
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Table III. MRI findings of 32 patients with Klippel-Tren
Type
Malformation
of superficial
vein only
Malformation
of deep vein
only
Malf
of su
and
Lymphatic hypoplasia (20) 9 1
Lymphatic hyperplasia (11) 3 1
No lymphatic malformation (1) 1 —
aBased on the measurement of width of bone.Overall responsibility: N-FLREFERENCES
1. Jacob AG, Driscoll DJ, Shaughnessy WJ, Stanson AW, Clay RP, Glov-
iczki P. Klippel-Trenaunay syndrome: spectrum and mangement. Majo
Clin Proc 1998;73:28-36.
2. Cohen MM Jr. More on vascular malformations. Plast Reconstr Surg
2002;109:2591-4.
3. Kihiczak GG,Meine JG, Schwartz RA, Janniger CK. Klippel-Trenaunay
syndrome: a multisystem disorder possibly resulting from a patho-
genic gene for vascular and tissue overgrowth. Int J Dermatol
2006;45:883-90.
4. Sabin FR. On the origin of the lymphatic system from the veins, and the
development of the lymph hearts and thoracic duct in the pig. Am J
Anat 1902;1:367-89.
5. Sabin FR. On the development of the superficial lymphatics in the skin
of the pig. Am J Anat 1904;3:183-95.
6. Gloviczki P, Driscoll DJ. Klippel-Trenaunay syndrome: current man-
agement. Phlebology 2007;22:291-8.
7. Lee BB, Laredo J, Lee TS, Huh S, Neville R. Terminology and classi-
fication of congenital vascular malformations. Phlebology 2007;22:
249-52.
8. Liu NF, LuQ, Jiang ZH, Zhou JG. Anatomic and functional evaluation
of lymphatics and lymph nodes in diagnosis of lymphatic circulation
disorders with contrast magnetic resonance lymphangiography. J Vasc
Surg 2009;49:980-7.
9. Liu NF, Lu Q, Liu PA, Wang BS. Comparison of radionuclide lympho-
scintigraphy and dynamic magnetic resonance lymphangiography for
investigating extremity lymphoedema. Brit J Surg 2010;97:359-65.
10. Lu Q, Xu JR, Liu NF. Chronic lower extremity lymphedema: a com-
parative study of high-resolution interstitial MR lymphangiography and
heavily T2-weighted MRI. Eur J Radiol 2010;73:365-73.
11. Maari C, Frieden IJ. Klippel-Trenaunay syndrrome: the importance of
“geographic stain” in identifying lymphatic disease and risk of compli-
cations. J Am Acad Dermatol 2003;51:391-7.
12. Alitalo K, Carmeliet P. Molecular mechanisms of lymphangiogenesis in
health and disease. Cancer Cell 2002;1:219-27.
13. Schneider M, Othman-Hassan K, Christ B, Wilting J. Lymphangio-
blasts in the avian wing bud. Dev Dyn 1999;216:311-9.
14. Tian XL, Kadaba R, You SA, Liu M, Timur AA, Yang L, et al.
Identification of an angiogenic factors that when mutated causes sus-
ceptibility to Klippel-Trenaunay sysdrome. Nature 2004;427:640-5.
15. Wang QK. Update on the molecular genetics of vascular anomalies.
Lymphat Res Biol 2005;3:226-33.
16. O’Donnell TF. Congenital mixed vascular deformities of the lower
limb: the relevance of lymphatic abnormalities to their diagnosis and
treatment. Ann Surg 1977;185:162-8.
y syndrome
tion
ial
ein
Hypertrophy
of subcutis
Hypertrophy
of subcutis
and muscle
Hypertrophy
of bone with
wider
widtha
Edema
in
subcutis
Edema in
subcutis
and muscle
16 4 3 14 6
8 3 4 9 2
1 — — — —auna
orma
perfic
deep v
10
7
—Submitted Mar 21, 2010; accepted Jun 23, 2010.
